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PREFACE

The MODCURVES (Modeled Curves) program was developed by the United States Air Force Environmental
Technical Applications Center’s Environmental Simulation Branch (USAFETAC/DNY), now part of the
Simulation and Technology Branch (USAFETAC/SYT). The program tasking originated at the Air Weather
Service Centralized Support Division (AWS/DOOX) after 7th Weather Wing (since disestablished) led an AWS-
wide effort to solicit operational requirements for climatological databases on microcomputers. This program,
along with other microcomputer-based programs such as MODCV (Modeled Ceiling and Visibility), is for use
by base weather station forecasters as well as by those deployed in the field.

The purpose of this tech note is to tell AWS STAFFMETs, analysts, and forecasters how the MODCURVES
program works. It also describes the statistical techniques and algorithms used that generate conditional and

unconditional diurnal and annual curves of meteorological variables that tend to exhibit cyclic behavior.

The MODCURVES algorithms, based on commonly known and proven statistical techniques, were developed
by Capt James T. Kroll, USAFETAC/DNY, in 1989.

For more information, call USAFETAC/SYT at DSN 576-5412 or Commercial 618-256-5412.
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THE MODELED CURVES (MODCURVES) PROGRAM

Chapter 1

INTRODUCTION

1.1 Description. MODCURVES (Modeled
Curves) uses Fourier coefficients to reproduce
diurnal and annual curves of temperature, dew point,
relative humidity, altimeter setting, and pressure
altitude. Fourier coefficients are calculated for
several sets of time series data.  Currently,
coefficients for the 5th, 50th, and 95th percentile
values of the five meteorological variables are used as
input to the MODCURVES program, which
produces unconditional climatologies for all three
percentiles as well as conditional climatologies based
on combinations of wind direction and sky cover
categories. The user also has the option to input initial
weather conditions; the program incorporates these
initial values and adjusts the diurnal curve.

1.2 Requirement. With the acquisition of
microcomputers by base weather stations in the mid

1980s, 7th Weather Wing led an AWS-wide effort to
determine and establish operational requirements for
climatological databases accessible by microcom-
puter.  Since consideration was also given to
meteorological analysis/forecast program require-
ments, Air Weather Service (AWS) field units
suggested microcomputer access to diurnal and
annual curves. These suggestions were narrowed to
include temperature, dew-point temperature, relative
humidity, altimeter setting, and pressure altitude. In
June 1989, Capt James T. Kroll, USAFETAC/DNY,
developed a model that would take time-series data
for the percentile values of given meteorological
variables to produce diurnal and annual curves for
that variable. The results are described in the
following chapters.




THE MODELED CURVES (MODCURVES) PROGRAM

Chapter 2

MODCURVES METHODOLOGY

2.1 Fourier Series. A Fourier series is generally
used to model a time series of meteorological data.
This technique, which allows us to reconstruct a large
time series using only a few coefficients, is the data
compression method used by MODCURVES.

MODCURVES performs statistical analysis of times
series data. A “time series” is a collection of
numerical observations arranged in chronological
order; Figure 2-1 is an example.

Time Series for Temperature
(in degrees F)

TEMPERATURE
100

80

T
i

[} 1 I\ L 1 | L 1 1

80 80 10 120 W40 W0 10
1JAN = 81 MAY

0 20 40

Figure 2-1. Time series for temperature.

We generally assume the intervals of time between
observations to be equally spaced (Bloomfield,
1976). The purpose of statistical analysis of a time
series is to understand the characteristics of its
periodic and irregular oscillations. In meteorology,
statistical analysis is used to predict the future
behavior of the time series.

A time series analysis begins by recognizing that the
total variation of a meteorological variable can be
represented as the sum of several oscillations (e.g.,
annual and diurnal cycles). The most commonly used
time-series analysis in meteorology is spectral or
Fourier analysis. Its use increases the understanding
of the physical behavior of regular oscillations.

Although there are mathematical requirements for
determining the types of functions that can be
modeled with a Fourier series, suffice it to say that
any function that represents the time behavior of a
real physical variable meets these requirements.

The following discussion of the Fourier series is
based on Panofsky and Brier (1958). We will use
the notation F(z) to represent the time series of
meteorological data (e.g., the mean temperature at
each hour for a given month). The series F(t) can be
obtained at any given point ¢ using:

N

Rt)=F+Y

m=1

A,,,sln(%'mt) + B,,,oos(z—:mt)] (1)

where F is the mean, A_and B_ are Fourier
coefficients, and P is the fundamental period. If we
are representing the mean hourly temperature over a
24-hour period, P is 24 hours. N is the total number of
harmonics.

Note that Equation 1 is an equality. Sampling theory
shows that for T data points in period P, T/2
coefficients are all that are needed to exactly
represent the sampled data. In practice, we can often
get by with fewer coefficients. This has the added
benefit of filtering out “noise” or higher frequency
effects we are not interested in.

For most meteorological observations, a finite
number of sines and cosines can account for all the
variability. For example, if a variable is observed for
each of the 12 months, the mean, five sine, and six
cosine terms are sufficient to describe the annual
variation completely.  The sum of these terms
constitute harmonic analysis. The first harmonic has
a period equal to 1 year, the second harmonic has a
period of 6 months, and the last resolvable harmonic,
772, has a period of 2 months or six cycles a year. It
is not always necessary to determine all 772
harmonics.




According to Panofsky and Brier (1968), the first two
or three harmonics describe the variation of a periodic
function sufficiently. In fact, they argue that the first
harmonic accounts for 30 percent, the second for 50
percent, and the third for 15 percent of the variance,
totaling to 95 percent of the variation. MODCURVES
retains the first four harmonics.

A major advantage of a Fourier series is that the
modeling coefficients are all independent of each
other. This makes computation of the coefficients
easier. Also, the value of each coefficient is not a
function of the total number of terms in the series (all
these properties do not hold for regression). The
coefficients are obtained using:

Fo (1) (22)
F=[=]F a
(T)§ :
2 T 2n |
A, = 7_;: [F, sin(—-,—:-mt,)] (2b)
2L 2n ]
Bm = —7;§ ,:/ cO —P—mtl) (ZC)

where the ith value of F, F » occurs at time £,

2.2 Example. Suppose we wish to model the time
series of mean temperature in Figure 2-2, reported in
3-hourly increments. The constant component, ( F ),
is just the mean value, or 40.375. Since T =8, a value
of N =4 (4 harmonics) is all we need to exactly fit this
data.

MODCURVES METHODOLOGY

Hour Temperature
0 35
3 31
6 29
9 39
12 44
15 48
18 52
21 45

Figure 2-2. Sample time-series of tempera-
ture data.

The components of the Fourier series are listed in
Figure 2-3, while Figure 2-4 is a plot of the
temperature cycle using values of N of 1, 2, 3, and 4.
The A, term will (in this example, A, will always be
zero.

M A, B,

1 -9.816 -4.195
2 -1.250 -0.500
3 1.684 -0.305
4 0.000 -0.375

Figure 2-3. Fourier coefficients for the series in
Figure 2-2.

——Net —— N=2

— -4 O Astusi Dsta

Figure 2-4. Example of a Fourier series.
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Chapter 3

MODCURVES ASSUMPTIONS, LIMITATIONS, AND ACCURACY

3.1 Basic Assumptions. As with any statistical
model, assumptions must be made. The assumptions
place limits on a model’s ability to reproduce what
has been observed. Since MODCURVES is a
climatological forecasting tool, it is important that
these limitations are known. MODCURVES takes
advantage of statistical techniques to optimize speed
and accuracy while minimizing data size.

3.2 Cumulative Distributions. Since not all
meteorological variables are normally distributed,
MODCURVES uses the 5th, 50th, and 95th
percentiles to represent the minimum, median, and
maximum values of the variables. The use of
percentiles eliminates the extreme values from the
data, thus giving a more representative climatological
view. These percentile values are placed in a time
series to examine their diurnal or annual behavior.

3.3 Modeling Diurnal/Annual Behavior. A
fundamental assumption of this model is that the total
variation of the meteorological variable can be
represented as the sum of several oscillations.
Fourier or spectral analysis is used by MODCURVES
to represent or predict the diurnal/annual behavior of
meteorological variables. The first three harmonics,

coupled with the mean, account for between 95 and
98 percent of the variance. Accordingly,
MODCURVES truncates the series at the third
harmonic. Although this prevents the exact
replication of the original curve, the truncation of the
higher frequency oscillations eliminates the unwanted
“noise” in the data. Truncation also minimizes the
amount of computer disk space required to store the
Fourier coefficients needed to regenerate the diurnal
and annual curves.

3.4 Accuracy Study. In order to determine the
usefulness of MODCURVES, a simple accuracy
study was conducted. Data sets of Fourier
coefficients for Eglin AFB, Eielson AFB, McChord
AFB, and Scott AFB were generated. The mean
monthly values in the Surface Observation Climatic
Summaries (SOCS) were compared to the 50th
percentile (median) values from MODCURVES.
Since the SOCSs do not contain monthly mean
altimeter and pressure altitude, only temperature,
dew-point temperature, and relative humidity could
be examined. The mean absolute errors for all twelve
months combined (MODCURVES value minus
SOCS value) are shown in Figure 3-1.

Location RUSSWO MODCURVES Temp DewPoint RH

Eglin 1939-86 1973-90 0.51°F 2.24°F 5.95%
Eielson 1944-87 1973-90 1.21°F 1.84°F 491%
McChord 1940-81 1973-90 0.44°F 0.88°F 3.88%
Scott 1938-85 1973-90 0.86°F 1.35°F 1.56%

Figure 3-1. Mean absolute difference between MODCURVES and the SOCS.
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Chapter 4

MODCURVES INPUT AND OUTPUT

4.1 Restrictions. The mathematical characteristics
of the Fourier series place some restrictions on the
data being used. First, the time-series data must
contain an even number of observations and those
observations must be evenly spaced within the
fundamental period of the time series. Second, the
maximum number of coefficients that can be
estimated is limited to 7/2. It is impossible to use
more than 7/2 harmonics to estimate a time series that
has only T observations.

Sampling theory states that for any sampling interval
A, the Nyquist critical frequency is (f.=1/ 2A ). This
critical sampling frequency for a sine wave is two
sample points per cycle. If a sine wave of the Nyquist
critical frequency is sampled at its positive peak
value, the next sample will be at its negative trough
value, and so forth—see Figure 4-1.

Nyguliast Freguensy
4 +—— SAMPLING
POINTS
]
Jd
i
{
4
(
S
— A 1

Figure 4-1. Nyquist critical frequency.

It is important to know the band-width limit of the
signal or wave form you wish to model (i.e., diurnal
cycle) when choosing a sampling frequency. If

samples (or observations) are taken too infrequently,
a phenomenon called “aliasing” takes place. When
aliasing occurs, the higher frequency oscillations
become masked by the lower frequency oscillations.
For example, using observations less than twice a day
to model a diurnal curve causes the seasonal cycles
(low frequency) to hide the diurnal cycle (higher
frequency). A good way to prevent this from
happening is to use at least two observation points per
cycle of the highest frequency present. For example,
use at least two observations per day to model the
diurnal cycle.

4.2 Data Input Requirements. The
MODCURVES microcomputer programuses Fourier
coefficients derived from time-series data. Time
series are generated by a Statistical Analysis Systems
(SAS) Institute Inc. program called “PROC
UNIVARIATE,” which produces percentile values.
These percentiles are stratified by month, wind
direction, and sky cover. Separate time series are
created for each percentile for all five meteorological
variables. Percentile values are obtained from the
cumulative frequency distribution. The distribution
gives the percent of the time the percentile falls below
a certain value. For example, the 5th percentile
means that only 5 percent of the observations in the
distribution fell below that value. Similarly, the 95th
percentile means that 95 percent of the observations
fell below that value or that only 5 percent fell above
that value.

MODCURVES uses a weighted adjustment of the
nearest percentile value to determine which
percentile a user-imposed initial condition falls on.
The Fourier coefficients used by the microcomputer
program are generated by a mainframe program
which solves the Fourier series equation. Figure 4-2
is an example of a cumulative frequency distribution
of temperature.




CHAPTER 4
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Figure 4-2. Sample cumulative frequency dis-
tribution.

Figure 4-2’s horizontal axis shows the successive
temperature values and the vertical axis shows the
percentage frequency less than each temperature.
The points are connected to form a smooth curve that
always starts at zero percent frequency and ends at
100 percent. We are primarily interested in creating
time series for the 5th percentile (lower extreme),
50th percentile (most likely value), and 95th
percentile (upper extreme).

Figure 4-3 shows percentile values for Scott AFB
stratified by wind direction, sky cover, month, and
hour. Wind direction categories are: |—northerly,
2—easterly; 3—southerly; 4—westerly, and 5—all
directions. Sky cover categories are l1—clear-
scattered, 2—broken-overcast, and 3—all conditions.

Months (Mo) range from 1 to 12, hours (Hr) from 0 to
23. “Data” is the data count. The 5th, 50th, and 95th
percentiles for temperature and dew point temperature
in degrees Celsius follow.

4.3 Model Coefficients. The percentile values, F,
in Figure 4-3 are functions of time; that is, F(z). The
Fourier series equation attempts to reproduce that
function. Eight variables are required for input to the
catalogued program, DNYCURVE:

* The number of evenly spaced observations in the
diurnal time series data (24 observations for 24-hour
reporting stations of eight observations for synoptic
data).

* The number of observations in the annual time series
data (a minimum of 12 observations since we are
summing three harmonics; that is, four first
observations per cycle.

* The hour of the first observation expressed in GMT
(2).

* Number of harmonics used to estimate the time
seriecs  (MODCURVES is set to accept three
harmonics).

* The number of meteorological variables for which
the time series data is input (MODCURVES software
is currently set to accept coefficients for five
variables: temperature, dew point, relative humidity,
altimeter setting, and pressure altitude).

Temperature Dew point

50th | 5th | 95th | 60th | Gth | 95th
Wind | Sky | Me | Hr | Data | T°C | T°C | T°C | T°C | T,°C| T,°C
1 1 1 01 129 | 24.10] 5.20 | 44.10 13.10 [-10.90] 33.10
1 1 1 02 146 | 24.20| 4.10 | 43.10| 14.10 | -0.80 | 32.00
1 1 1 03 161 | 21.00| 1.10 | 37.10| 13.10 |-12.90] 28.10
4 12 |12 |20 |10 |3600(18.20|56.00|25.10 {210 #8.00
4 |2 12 121 100 |3525|18.25) 60.00|27.10 {455 W47.20
4 12 |12 12 | 9% [3510]2300]59.00{27.00 {410 @250
4 |2 12|23 | 90 |3510|25.00| 55.10| 2755 [11.00 {42.10

Figure 4-3. Cumulative frequencies for temperature and dew-point
temperature.




e The number of percentiles analyzed for each
meteorological variable (MODCURVES is set to
accept three percentiles: Sth, 50th, and 95th).

» The number of wind categories used to stratify the
input time series data (four wind quadrants).

» The number of sky cover categories used to stratify
the input time series data (Two categories: clear/
scattered and broken/overcast).

4.4 Input Options. A user-friendly menu allows
users to specify conditional or unconditional diurnal
and annual climatologies. Conditional climatologies
are those for which the user specifies either a wind
direction category or a sky condition category. Thus,
unconditional climatologies are those based on all
wind and all sky categories. Users can specify seven
options:

* station

* meteorological variable

« wind direction category

« sky-cover category

* percentile value

» monthly or annual curve

* an initial value
4.4.1 Station. The first step in accessing the diurnal/
annual curves is to specify a location to display.
Fourier coefficients can be generated for any station
that has at least a 10-year period of record. Requests

for additional stations should be directed to
USAFETAC/DO.

4.4.2 Meteorological Variable. The variables that
can be displayed include temperature in degrees
Fahrenheit, dew point in degrees Fahrenheit, relative
humidity in percent, altimeter setting in inches of
mercury and pressure altitude in feet. The diurnal

MODCURVES INPUT AND OUTPUT

curve for each variable can be displayed as an
unconditional climatology or conditional climatology
based on some combination of wind direction and/or
sky cover categories. In addition, the user has the
option of entering an initial value of the
meteorological variable. This option adjusts the
appropriate percentile curve to that initial conditional.

4.4.3 Wind Direction Category. Users can specify
one of five wind direction categories: north (315°-
044°), east (045°-134°), south (135°-224°), west
(225°-314°), and a/l wind directions. (NOTE: Ifallis
selected for wind direction, all is also automatically
selected for sky condition. The forecaster should note
that there is no wind speed threshold to assume
direction. The speed is not factored in this program.
If wind is calm, use “all” wind directions).

4.4.4. Sky Cover Category. Users can specify one of
three sky cover categories: clear/scattered, broken/
overcast, on all cloud conditions (See NOTE above).

4.4.5. Percentile. Users can specify one of three
percentile values: Sth percentile or low extreme, 50th
percentile: the median or most likely event, or the
max 95th percentile or high extreme.

4.4.6 Month or Annual Curve. Users can specify a
particular month or annual data be displayed.

4.4.7 Initial Value. Finally, users can specify an
initial value of the meteorological variable being
displayed. This option causes the program to find the
closest two curves (5th, 50th or 95th) to the initial
value and uses a weighting scheme to adjust that
curve to that value. It then displays the percentile of
the adjusted curve.

4.5. Sample Output. USAFETAC offers two
versions of MODCURVES output: CGA (Color
Graphics Adapter) and EGA (Enhanced Graphics
Adapter). Examples of diurnal curves from the CGA
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Figure 4-4. Example CGA 5th percentile plot of January temperature for Scott AFB with north winds and clear/
scattered skies.
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Figure 4-5. Example CGA plot of June altimeter setting for Scott AFB with south winds and broken/overcast
skies. The initial condition was 29.92 at 1200Z.




THE MODELED CURVES (MODCURVES) PROGRAM

MODCURVES was developed using proven statistical
techniques to make diurnal and annual changes in
weather elements more readily available to the
forecaster. It is designed around a user-friendly
interface that allows quick access to a station’s
climatological database. MODCURVES allows
forecasters to specify both unconditional and
conditional climatologies. Tailoring the diurnal curve
to current weather conditions is accomplished
through an initial condition option.

MODCURVES uses time-series data for individual
stations that are composited and expressed in terms of
the 5th, 50th, and 95th percentiles for every hour of
each month of the year. A Fourier analysis of the time
series is then used to produce Fourier coefficients.
These Fourier coefficients are generated using the
program DNYCURVE on USAFETAC’s IBM 3090
mainframe. These coefficients are downloaded from

10

Chapter 5
SUMMARY AND CONCLUSIONS

the mainframe to a - floppy disk so that the
MODCURVES microcomputer software can be run
at base weather stations or in the field.

Climatological diurnal and annual curves for stations
worldwide can be generated quickly and added to the
MODCURVES database. = The MODCURVES
package allows forecasters to have the latest available
climatology on a microcomputer.

There are two versions of MODCURVES. The CGA
(Color Graphics Adapter) version runs on portable
and laptop microcomputers and the EGA (Enhanced
Graphics Adapter) version runs on the Zenith Z-248
and other stationary microcomputers. The use of
Fourier coefficients drastically reduces the amount of
data storage space needed to reproduce diurnal and
annual curves based on climatological data.




ACRINABS
A Fourier sine coefficient
ALSTG Altimeter setting
AWS Air Weather Service
B_ Fourier cosine coefficient
DNY Simulation Modeling Section, Aerospace Sciences, USAFETAC

DNYPCTIL USAFETAC/DNY Fortran code that calculates percentiles of a time series

DNYCURVE USAFETAC/DNY Fortran code that calculates Fourier coefficients

f Frequency

F Percentile values of a meteorological variable
E(t) Time series function

m Harmonic

P Period of a function

PA Pressure altitude

MODCLIM  Modeled climatology

MODCURVES Modeled diurnal curves

N Total number of observations

PROC SAS procedure

RH Relative humidity

SAS Statistical analysis system

SYT Simulation and techniques branch, USAFETAC
T Number of data points within the period

USAFETAC  United States Air Force Technical Applications Center

11
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